. Aptdo. 644 de Bilbao . sufficiently small what is evaluated in terms of sufficient smallness of the absolute value of a Abstract-It is proved that a linear time-invariant system with internal point delays is asymptotically hyperstable independent of the delays if an associate delay-free system is asymptotically hyperstable and the delayed dynamics is sufficiently small. Index terms-Hyperstability, positive realness, stability independent of the delays, time-delay systems I. INTRODUCTION Global Lyapunov's stability (asymptotic stability) configurations consisting of linear time-invariant systems in the forward loop with arbitrary nonlinear (and, perhaps time -varying) devices satisfying Popov's-type timeintegral inequalities is the so-called hyperstability (asymptotic hyperstability) property, [1] [2] [3] . The importance of the topic relies on the fact that the stability property holds for all nonlinearity satisfying Popov's inequality for all time. In this brief, related results are obtained when the linear plant is subject to a finite number of bounded incommensurate delays (i.e. the delays are not necessarily an integer multiple of a real number) if its associated dynamics is sufficiently small. The importance of such systems is well-known in many physical systems including problems such as war /peace or population growth models, large scale systems as well as in many engineering applications as, for instance, those involving transmission and telecommunication problems, [4] [5] [6] [7] [8] . The study of stability / hyperstability properties for systems involving external (i.e. in the inputs or outputs) delays may be addressed by direct extensions from the analysis methods concerning delay-free systems by simply transforming the relevant signals in new ones influenced by delays, [2], [4], [5] . However, the related problems become much more involved for the case of internal (i.e. in the state) delays since the relevant dynamics possesses infinitely many modes. Different techniques have been used to deal with the stability of such systems including Lyapunov's theory and its extensions as well as frequency analysis methods, [4] [5] [6] [7] [8] . In this manuscript, the asymptotic hyperstability of continuous time-delay systems is focused on for systems including any finite number of incommensurate internal point delays of arbitrary sizes provided that the plant free of delayed dynamics satisfies a strict positive realness condition. The obtained results are independent of the sizes of the delays provided that the delayed dynamics is
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II. FORMULATION
Consider the open-loop linear and time-invariant singleinput single-output system with an arbitrary number r of incommensurate internal point delays h > 0 ( i= 1, r) given by
(1) where x(t ) E R n , u(t) and y(t) are , respectively, the nstate vector and the scalar input and output and A, A (i= ,r), b E R n, ce R n and d E R; 6 is a scalar parameter which allows the characterization of the size of the delayed dynamics for given A ()-matrices.
The initial condition of (1) (1) is investigated assuming that the delay-free system z(t) = A z(t) + bu(t) satisfies a strict positiveness condition. Note, in particular, that if the proper rational transfer function of such a delay-free system, namely, 
557 (5) such that P < 6 a if 6 < -1~-< I -1-6 c I Thus, direct calculations using (6)- (7) as well as the odd symmetry of the involved frequency response curves lead to (7) 2ReG ( Thus, from Theorem 1, the feedback configuration (1)- (2) is asymptotically hyperstable for any nonlinear device satisfying the constraint in (2) . The associate transfer function possesses a strictly stable zero/pole cancellation at s = -f which has not been taken into account in the above calculations. This is reasonable when the transfer function numerator and denominator are not factored explicitly from the state-space description especially for high order systems. If such a cancellation is known and removed for a minimum state-space realization of (1) resulting in A=-a, A 1 = -a , b=k, c=1 then ada 6 = from Lemma 1 with 0 al (da + 2k (a + l) a ) P = 1/k , q=0. In this simple example, the calculations may also be performed from the real part of the transfer function once the cancellation, if known, is removed. In this case, this leads to d>0, 6 0 = which is the a1 weakest found constraint. However, obtaining factored transfer functions from a state-space realization is not easy for high-order systems in the presence of delays. This fact justifies the adequacy of the proposed method to practical problems. 
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